Introduction and Purpose
The DeepCwind consortium, led by the University of Maine, was awarded funding under the US Department of Energy's (DOE) Offshore Wind Advanced Technology Demonstration Program to develop two floating offshore wind turbines in the Gulf of Maine equipped with Goldwind 6 MW direct drive turbines, as the Aqua Ventus I project. The turbines will be deployed in the state waters of Maine, approximately 2.9 miles off Monhegan Island; Monhegan Island is located roughly 10 miles off the coast of Maine. As part of the funding agreement through DOE, the Aqua Ventus I project will be evaluated along with six other offshore wind projects within the first year to determine where future development has the highest probability of commercial viability. To ensure the Aqua Ventus I project makes this down select, significant progress must be made to demonstrate to DOE that the Aqua Ventus I project has both a feasible pathway to a competitive cost of energy and has illustrated a clear and realistic path to regulatory compliance and project completion.
To assist the University of Maine in demonstrating a clear pathway to project completion, PNNL has developed visualization models of the Aqua Ventus I project that accurately depict the Aqua Ventus I turbines from various points on Monhegan Island, and the surrounding area. With a hub height of 100 meters, the Aqua Ventus I turbines are large and may be seen from many areas on Monhegan Island, potentially disrupting important viewsheds. By developing these visualization models, which make use of photographs of the viewshed taken from Monhegan Island and the surrounding area with the Aqua Ventus I turbines superimposed within each photograph, PNNL intends to support the project's siting and permitting process by providing the Monhegan Island community and various other stakeholders with a probable glimpse of how the Aqua Ventus I project will appear.
Methods
Pacific Northwest National Laboratory (PNNL) used the WindPRO 2.9 Photomontage software to generate visual model outputs of the Aqua Ventus I floating offshore wind project. This software enables the user to input landscape images and superimpose rendered wind turbines on the image to produce a realistic visual impression of a wind farm. While the software contains an extensive database of wind turbines and their physical characteristics, it also allows for custom renderings to be entered as wind turbine components or objects superimposed on the landscape images. WindPRO also provides a zero meter line to indicate where the actual horizon is on the image. This informs the user on where the wind turbines should be positioned in reference to the horizon and is a valuable tool when dealing with an ocean scape and developing visual models for an offshore wind farm such as Aqua Ventus I.
Data required for the visualization model were gathered on Monhegan Island in June 2013, and consisted of 27 photographs from 12 strategic points along the south, southeast and eastern side of Monhegan Island. All of the 27 pictures were taken with a Sony NEX-5 camera with 18-55 mm lens at a 52 mm focal length. Latitude, longitude, elevation, general orientation, and focal length of camera lens were recorded at each of the 12 locations. In October 2013, additional data were collected by the University of Maine which included 15 photographs from 5 new locations on Monhegan Island and the surrounding area and 5 photographs from Pemaquid Point on the mainland of Maine. The 15 additional photographs from Monhegan Island were taken with a Nikon D90 camera with image focal lengths ranging from 27 to 39 mm. The photographs taken from Pemaquid Point were taken with an Apple iPhone 5 with a focal length of 35 mm. three photographs from one of the locations within the surrounding area of Monhegan Island (on ferry boat en route to Monhegan Island) were removed from the study due to the lack of accurate location and heading data. One photograph from each of the 17 strategic locations was used to create 17 final visualization model outputs; photographs were chosen based on the quality and the focal length of images. Because the focal length affects the overall size of the rendered turbines, it was preferred to use images with a consistent or similar focal length.
The physical appearance of the Aqua Ventus I turbines was derived from the extensive WindPRO database that contains information on the physical characteristics of common wind turbines and their overall appearances from certain distances and orientations. A Siemens 6 MW turbine was selected to represent the Goldwind 6 MW turbines proposed for the Aqua Ventus I project. Once selected, these turbines were modified to have the same hub height (100 m) and rotor diameter (129 m) as the proposed Goldwind turbines. While this generated nacelles and turbine blades that were very similar to the Goldwind 6MW turbines, the proposed foundation for the Aqua Ventus I project is a floating concrete structure which is not available in the WindPRO database. To address this issue, PNNL and University of Maine created separate three dimensional renderings of the Aqua Ventus I floating wind turbine foundations in suitable file formats to be integrated directly into the WindPRO photomontage software. After comparing both renderings, although the University of Maine rendering had more detail at close range, the PNNL rendering included only the tower and the floating foundation which enabled WindPRO's photomontage software to render the nacelle and turbine blades based on the turbine's overall scale. When viewed from roughly three miles away, the PNNL rendering provided a more accurate representation of the Aqua Ventus I turbines. For the final visualization mode outputs, the overall appearance of the Aqua Ventus I turbines was altered by administering certain environmental conditions such as cloud cover and the presence of fog/haze. This not only allowed for the turbines to appear more realistic in hazy or low light conditions, but it also enabled PNNL to create night time visual models of the Aqua Ventus I turbines.
Although the lighting requirements for floating offshore wind turbines in US waters have not yet been determined by the US Coast Guard, lighting for offshore wind turbines in the UK was used to simulate the probable illumination that will be present on the top of the Aqua Ventus I turbines nacelle.
To provide additional insight on how the Aqua Ventus I project may appear from Monhegan Island during the night time, the 12 images taken by PNNL were altered in Adobe Photoshop to appear as though the photographs were taken at night. These images were then reprocessed through the WindPRO Photomontage software to visualize how the Aqua Ventus I project will appear at night time with a light on top of each turbine. The image taken from Pemaquid Point was also altered in Adobe Photoshop and reprocessed through the WindPRO Photomontage software; the other five images taken by University of Maine were not altered in Adobe Photoshop because the Aqua Ventus I turbines were not visible in them and instead have arrows showing the general location of the Aqua Ventus I project.
Model Results
In total, one photograph from each of the 17 specific locations on Monhegan Island and the surrounding area were used to generate final visualization model outputs of the Aqua Ventus I offshore wind project. Of these 17 photographs, 13 were used to assess how the wind farm may appear during the night. The final visualization outputs for all 30 images are provided in Appendix A. Figures 1 and 2 show maps of Monhegan Island and the surrounding area with numbered markers that correspond to each of the 18 locations where photographs were taken. Information on the 17 locations and associated photographs used to generate the visualization model outputs are included in Table 1 ; this includes the photograph number, the photographer, location and elevation of where the picture was taken, orientation or angle of photograph, and the environmental settings such as cloud cover, fog, and visibility that were used to alter the overall appearance of the wind turbines in WindPRO. 
Discussion
By comparing the final visualization model outputs, it is apparent that the Aqua Ventus I turbines will be visible from the south and southeast shores of Monhegan Island. Depending on where an observer is located and his/her orientation, the Aqua Ventus I turbines may also be visible from other areas around Monhegan Island. However, as seen in Pictures 13-16, there are many structures such as trees and houses that can obstruct the view. From Pemaquid Point, which is roughly 12.5 miles from the proposed project site, the Aqua Ventus I turbines are located just on the horizon to the right of Monhegan Island. From this location, the turbines are small enough to where they may go unnoticed.
Depending on the environmental conditions and clarity of the night, the Aqua Ventus I turbines will probably be visible from Monhegan Island due to the flashing red aviation lights on top of each turbine. The brightness and flashing period of these lights have yet to be determined, but should be bright enough to alert any vessel or low flying aircraft to the presence of the turbines at a distance in most weather conditions. After assessing Picture 17 at night, the Aqua Ventus I turbines do not seem to be visible from Pemaquid point at night; this again will depend on the brightness of each turbine's aviation lights, which will be determined through consultations with the U.S. Coast Guard and Federal Aviation Administration.
Conclusion
As the Aqua Ventus I project moves forward, the visualization model outputs of the Aqua Ventus I turbines from Monhegan Island and surrounding area will be a valuable resource for educating the Monhegan community and other Maine stakeholders on how this floating offshore wind farm may appear. As more information on the exact location of the turbines becomes available, additional visualization modeling may be needed to accurately depict how the Aqua Ventus I project could appear. Furthermore, additional photographs from Monhegan Island and the surrounding area may also be beneficial in generating a more accurate depiction of the Aqua Ventus I turbines due to the different cameras used to capture the images and various focal lengths of all the images.
